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ABSTRACT 
AIM: To compare and evaluate the antimicrobial efficacy of three herbal irrigants 
(Propolis, Liquorice, German chamomile) and 5% Sodium hypochlorite (NaOCl) 
against Enterococcus faecalis in the root canal . 
MATERIALS AND METHODS: Agar- well diffusion test was done to confirm the 
antibacterial activity of herbal irrigants (Propolis, Liquorice and German chamomile) 
against Enterococcus Faecalis. Agar plate dilution test was used to determine the 
Minimum Inhibitory Concentration (MIC) of the herbal solutions. In this 
experimental study, 65 single-rooted maxillary central incisors were selected. The 
teeth were decoronated and the root canals were enlarged up to no. 15 size K- type 
file. After infecting the prepared canals with Enterococcus faecalis species, one non 
infected specimen was used as negative control and four groups of 16 specimens each 
-11 specimens for Colony forming units(CFU ), 5 specimens for Confocal laser 
scanning microscope (CLSM), one specimen from each group- no irrigation was done 
in the positive control group. During instrumentation, the root canals were irrigated 
with the respective solutions. The dentin debris was collected from the root canal 
samples and they were transferred to Aliquot tubes containing physiological saline 
and bacterial culture was inoculated on Mac Conkey agar and the incubation of 
inoculated plates were done at 37°C for 48 hours under aerobic conditions. The 
colony forming units were counted. For Confocal laser scanning microscope, acrylic 
blocks were made with the roots embedded into the acrylic resin and then apical third 
were cut to get transverse section and the sections were stained with SYTO 9 and 
Propidium iodide (PI) and the discrimination between viable (green) and dead (red) 
bacteria in  dentinal tubules were observed. The values were recorded and subjected 
to statistical analysis. 
RESULTS: 5% NaOCl and Propolis showed similar zone of inhibition followed by 
Liquorice and German chamomile. The minimum inhibitory concentration against E. 
faecalis for Propolis, Liquorice and German chamomile were 16.6 mg/ml, 100 mg/ml 
and 100 mg/ml. The colony forming units and the proportion of viable bacteria for 
Group I – 5% sodium hypochlorite and Group II – Propolis showed statistically 
significant difference (p< 0.05) when compared to other groups.  
    
CONCLUSION: 5% Sodium hypochlorite is the most effective antimicrobial agent 
as an endodontic irrigant but there was no statistically significant difference in the 
antimicrobial activity between 5% Sodium hypochlorite and Propolis. The 
antimicrobial activity of Liquorice and German chamomile were significantly less 
when compared to 5% Sodium hypochlorite and Propolis. The use of herbal 
alternatives as a root canal irrigant might prove to be advantageous considering the 
several undesirable characteristics of NaOCl. 
 
Keywords: Colony forming units, Confocal laser scanning microscope, Propidium 
iodide, Minimum inhibitory concentration 
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INTRODUCTION 
 
Microoraganisms play a vital role in the etiology of pulpal and periapical 
pathosis. Successful root canal therapy depends on the initial debridement and cleaning 
of the complete root canal system 
[58]
. In spite of complete debridement done by using 
various antimicrobial irrigants, few bacteria can still persist in the root canal. One among 
those bacteria is the Enterococcus faecalis, a facultative anaerobic gram-positive coccus  
commonly associated with persistent root canal infections.  
           Pulp canal morphology is the most complex system and thus some portions of the 
canal will be untouched by the instruments, leaving the bacterial load within the canal. 
Hence it is important to flush the canal with irrigants having antimicrobial property. 
Nowadays, wide myriad of endodontic irrigants are available. Some of them are Sodium 
Hypochlorite (NaOCl), chlorhexidine, EDTA, MTAD, electrochemically activated 
solutions, Tetraclean,  photon-activated disinfection, ozonated water,  herbal irrigants like 
Morinda citrifolia,etc. 
            Among them, Sodium hypochlorite is the most commonly used endodontic 
irrigant
[32]
 because of its broad spectrum antimicrobial activity. Inspite of this good 
characteristics, it has various demerits like tissue toxicity, allergic potential, risk of 
emphysema, and disagreeable taste, which induced researchers to look for other 
alternatives.  
           Herbal alternatives have an important  role in today’s medicine because of 
increasing antibiotic resistant strains and side effects produced by synthetic drugs. 
In troduct ion 
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Ayurveda, the oldest system of medicine in India is nearly 5000 years old. Nature’s 
medicinal power of curing the disease relies in ayurvedic herbs 
[85]
. Various researches 
concluded that many natural plant extracts have antimicrobial and therapeutic effects 
suggesting its use as an endodontic irrigant.
[52][34]
 In this study, three herbal solutions 
(Propolis, Liquorice, and German chamomile) were selected as the endodontic irrigant. 
         Propolis, a resinous bee-hive product that honey bees collect from botanical sources 
like tree buds, sap flows, is a potent anti-inflammatory, antimicrobial (with active 
constituents including hydroxycinnamic acids like caffeic acid and flavonoids like 
galangin), antioxidant agent. In dentistry, propolis have been used as pulp capping agent 
[71]
,  for prevention of caries 
[78]
, and dentin hypersensitivity 
[44]
, storage media for 
avulsed teeth.
[47]
 Few studies were conducted  using Propolis as an endodontic irrigant, 
but the results were inconsistent. 
          Liquorice (Glycyrrhiza Glabra) commonly known as Atimaturam is the most 
commonly used flavouring agent and crude drug in kampo medicines (traditional Chinese 
medicines modified in Japan). The compound glycyrrhizin (or glycyrrhizic acid), found 
in liquorice, has antiviral, antimicrobial, anti-inflammatory, and anti- carcinogenic. 
Liquorice extract is efficient in reducing pain and promotes healing in apthous ulcer.   
Matricaria chamomilla commonly known as the German chamomile. Chamomile 
has demonstrated moderate antimicrobial and, anti-inflammatory, antioxidant properties 
and significant antiplatelet, anti-carcinogenic activity. One of the active ingredients of its 
essential oil is the terpene bisabolol. Other active ingredients include farnesene,  
flavonoids (including apigenin, patuletin, quercetin and luteolin), chamazulene and 
In troduct ion 
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coumarin. In dentistry, it was shown that chamomile has the ability to remove smear 
layer when used as an intracanal irrigant. 
[42]
 
The viability of Enterococcus faecalis in the root canals irrigated with Propolis, 
Liquorice and German chamomile using confocal laser scanning microscopy have not 
been yet evaluated. So the present study was done to evaluate the antimicrobial efficacy 
of herbal irrigants (Propolis, Liquorice, German chamomile) and 5% Sodium 
hypochlorite (NaOCl) against Enterococcus faecalis in the root canals.  
In troduct ion 
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AIMS AND OBJECTIVES 
 
Aim: 
The aim of this study was: 
To compare and evaluate the antimicrobial efficacy of three herbal irrigants (Propolis, 
Liquorice, German chamomile) and 5% Sodium hypochlorite (NaOCl)  against 
Enterococcus faecalis in the root canal . 
Objectives:  
The objective of the study is  
- To confirm the antibacterial activity of herbal irrigants (Propolis, Liquorice, 
German chamomile) against Enterococcus Faecalis by measuring the zones of 
inhibition in the agar well diffusion test. 
- To determine the minimum inhibitory concentration of herbal irrigants by Agar 
plate dilution. 
- To evaluate the antibacterial efficacy of herbal irrigants against Enterococcus 
Faecalis by determining the colony forming units in the Mac conkey agar. 
- To evaluate the viability of the bacteria in the dentinal tubules using Confocal 
laser scanning microscopy. 
Aims and object ives 
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REVIEW OF LITERATURE 
 
SODIUM HYPOCHLORITE  
Joseph SW., Cunningham WT (1980) 
[13]
  compared the bactericidal activity of 2.6% 
NaOCl used at 22 degrees C and at 37 degrees C against B. subtilis spores, S. aureus, E. 
coli, S. Sanguis and P. vulgaris. The result concluded that 2.6% NaOCl at 37 degree C is 
more effective than the other group. 
 
Shahani D.R and Singh S (1989) 
[35]
 evaluated the antibacterial efficacy of 0.5% citric 
acid, 5.25% NaOCl and compared it with 0.9% normal saline. The results indicated that 
when sodium hypochlorite used in combination with the citric acid showed increased 
antimicrobial activity. 
 
Robert R. White et al (1994) 
[32]
 evaluated the antimicrobial efficacy of 2.0% 
chlorhexidine gluconate and 5.25% sodium hypochlorite in the in vitro root canal system. 
Results concluded that 5.25% sodium hypochlorite and chlorhexidine gluconate 2.0% 
irrigation significantly decreased the bacterial growth when compared to the saline 
irrigated teeth. 
Marc m. Panighi and Bruno Jacquot (1995) 
[5]
 evaluated the debridement ability in the 
apical third by 3% sodium hypochlorite. Study concluded that 3% NaOCl did not have 
any effect on protein part of smear layer but the inorganic portion is easily dissolved. 
Review of  l i terature  
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W. Hahn &M. Hülsmann (2000) 
[26]
 discussed the complications arrived with sodium 
hypochlorite irrigation in the root canal. Inadvertent injection of 1% sodium 
hypochloritebeyond apex produced symptoms like pain, burning sensation, ecchymosis 
and profuse hemorrhage from the root canal.  
José F. Siqueira Jr et al (2002) 
[79]
  evaluated the efficacy of  two instrumentation 
techniques with different irrigation methods in reducing the in vitro intracanal bacteria. 
The following technique were used: 2.5% NaOCl irrigation with Greater Taper rotary 
files, 2% chlorhexidine and 2.5% NaOCl irrigation with ARM technique, citric acid 2.5% 
NaOCl irrigation with ARM technique and 2.5% sodium hypochlorite (NaOCl) irrigant 
with hand nickel-titanium files. The results indicated that all the techniques were 
effective in reducing the  E. Faecalis. It was concluded that the chemomechanical 
preparation with antimicrobial irrigation was important in  eliminating the bacteria.  
 
Isabelle Portenier et al (2003) 
[27]
 summarized the E. Faecalis role in endodontic 
infections.  The authors enumerated that E. Faecalis is the predominant organism 
responsible for post treatment apical periodontitis and briefly described the antimicrobial 
agents used to E. Faecalis elimination.  
 
Weber CD et al (2003) 
[92]
 evaluated the cleaning ability of passive ultrasonic irrigation 
with 5.25% sodium hypochlorite (NaOCl), 2% chlorhexidine, phosphate-buffered saline 
(PBS). By the step-down technique, single-canal roots were prepared and irrigated with 
the above irrigants and 1-min passive ultrasonic irrigation was applied. Canals were 
rinsed with PBS and was  pipetted and poured into the wells on agar plates containing 
Review of  l i terature  
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Streptococcus sanguinis. After incubation, zones of inhibition were measured. The results 
indicated that when compared with final passive ultrasonic activation plus 5.25% NaOCl 
irrigation, 2% chlorhexidine with ultrasonic activation showed superior results. 
 
R.A. Buck ( 2003)
[65]
  evaluated the three endodontic irrigants efficacy in killing bacteria 
at varying depths in the dentinal tubules.  The irrigants used were 0.12% chlorhexidine 
(Peridex), 0.525% sodium hypochlorite,  Tubulicid (0.2% EDTA). After irrigation, 
dentinal shavings were obtained from the canals at three levels- apical, midroot and 
coronal. The results indicated that sodium hypochlorite was superior and the number of 
viable bacteria was higher in the apical level of canal. 
 
Hind Al-Qathami et al (2003)
[25]
 evaluated the antimicrobial activity of propolis, saline, 
2.5% NaOCl against E.faecalis. The results concluded that the antimicrobial activity of 
propolis was equivalent to 2.5% NaOCl 
R. Witton et al (2005)
 [64]
 discussed the cases presented with facial nerve weakness 
because of inadvertent injection of sodium hypochlorite. They concluded that early 
diagnosis and management will reduce further complications. 
Charles H. Stuart et al (2006)
[12]
 discussed that Enterococcus Faecalis is the primary 
organism in persistent endodontic infections because of its virulence and survival in the 
root canal in nutrient depleted states and the current method to eradicate the 
microorganism was to irrigate with 2% CHX combined with NaOCl. Future research is 
required to disclose the effective irrigants in inhibiting the E. faecalis. 
Review of  l i terature  
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Murray et al. (2008)
 [52]
 determined the efficacy of smear layer removal in dentin by 
sodium hypochlorite (NaOCl, chlorhexidine gluconate and Morinda citrifolia juice (MCJ) 
using scanning electron microscopy. The results indicated that MJC was equally effective 
to NaOCl and it can be used as an alternative to the NaOCl. 
Prabhakar J et al (2010)
[28]
 compared the antimicrobial efficacy of 5% sodium 
hypochlorite, MTAD, Triphala, green tea polyphenols (GTP) against E. Faecalis. The 
results concluded that  NaOCl, Triphala, MTAD  inhibited the bacterial growth 
completely at  3-week biofilm. The CFU for  GTP- and saline-treated tooth were 1516 +/- 
17.2 CFU/mL, 156.4 x 10(9) +/- 3.1 x 10(9) CFU/mL. In 6-week biofilm, growth were 
present in GTP, Triphala and MTAD but complete inhibition growth was seen in NaOCl. 
Nayak ranganath et al (2011) 
[54]
 studied the effect of neem against candida and E. 
Faecalis by calculating the minimum inhibitory concentration. The results concluded that 
neem has significant antibacterial and anticandidal activity and the MIC of the neem 
extract for C. albicans, E. Faecalis, S.mutans were 3.75%, 1.88%, 7.5% respectively.  
 
Aldo E. Del Carpio-Perochena et al (2011)
[5]
 evaluated the cleaning ability and biofilm 
dissolution by different irrigating solutions on infected dentin. By using a removable 
orthodontic device, 120 bovine dentin specimens were intraorally infected.  For each 
irrigating solutions, 30 samples were used. The irrigants used are 2% CHX, 1%, 2.5%, 
5.25% NaOCl. The solutions were used at 2 experimental volumes, 500 micro litre and 1 
ml for 5, 15, 30 minutes. The samples were stained with acridine orange and studied 
using confocal laser scanning microscopy. The results indicated that by increasing the 
Review of  l i terature  
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concentrations of NaOCl, the cleaning ability and biofilm removal were increased. The 
2% CHX did not remove the biofilm and the cleaning ability was also less. 
 
Zhejun Wang, DDS et al (2012)
[95]
 studied the effect of 2% sodium hypochlorite 
6%NaOCl, ,  2% chlorhexidine and  QMiX against young and old E. faecalis  using  
confocal laser scanning microscopy (CLSM). The results indicated that 1 day biofilm was 
killed effectively by 6% NaOCl followed by QMix and 3 week biofilm was killed 
effectively by 6% NaOCl followed by QMix. It is difficult to eradicate completely the 
established biofilms in comparison to the young biofilms. 
  
Qian Xie, DDS, PhD et al (2012) 
[62]
 evaluated the efficacy of 2% chlorhexidine [CHX], 
5.25% NaOCl, berberine, berberine plus 1% CHX against E. faecalis, F. nucleatum, P. 
intermedia. The results concluded that CHX in combination with Berberine showed 
bactericidal activity which was comparable to 5.25% NaOCl. 
 
(Dr) Mithra N Hegde et al (2012)
[61]
 evaluated the antibacterial activity of aqueous and 
hydro-alcoholic extracts of turmeric (Curcuma longa rhizome) in comparison with 2.3% 
sodium hypochlorite solution against E. Faecalis by performing agar well diffusion 
method. The results indicated that both the extracts have good E. Faecalis inhibitory 
activity. 
 
Nawfal A.A. Zakarea et al (2013)
[53] 
compared the efficacy of 2.5 % NaOCl, papain 
enzyme 4%, Castor detergent 20% to eradicate E. Faecalis. The results showed that 
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papain enzyme 4%, Castor detergent 20% antibacterial action is equivalent to the action 
of 2.5 % NaOCl. 
 
Sharma Revti et al (2013)
 [77]
 explored the bactericidal activity of Cinnamon 
(Cinnamomum zeylanicum), Cumin (Cuminum cyminum), Ginger (Zingiber officinale), 
Cloves (Syzygium aromaticum), Black pepper (Piper nigrum), Fenugreek (Trigonella 
foenum graecum), Cardamom (Elettaria cardamomum Maton) against 215 enterococcal 
strains. The results indicated that cloves and cumin had different effects on the strains 
whereas ginger and cinnamon had inhibited almost all the strains. Cardamom, Fenugreek, 
Black pepper showed no effect on the strains. 
PROPOLIS 
Almas K, Mahmoud AS, Dahlan AA (1999) 
[44]
 conducted the  clinical trial on patients 
with dentinal hypersensitivity by treating with Propolis. . The Cervical Dentinal 
Sensitivity (C.D.S.) was determined by modified questionnaire (Gillam 1997). The study 
concluded that Propolis significantly reduced the dentinal hypersensitivity symptoms.  
J.M Sforcin et al (2000) 
[30]
 evaluated the seasonal effects on antimicrobial activity of 
Propolis. Low propolis concentrations (0.4%) inhibited the Gram-positive bacteria 
growth but it didn’t inhibit the Gram-negative bacteria. The minimal inhibitory 
concentration was found to be 4.5 to 8.0%. The results indicated that the seasonal effect 
had no effect on antimicrobial activity of Propolis. Propolis showed increased 
antimicrobial action against mainly on Gram-positive bacteria. 
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Pileggi R., Martin MP (2004)
[47]
 conducted the study to evaluate the ability of storage 
media like Propolis, Hank's balanced salt solution (HBSS), milk and saline in 
maintaining the viability of periodontal ligament (PDL) cells by Collagenase-Dispase 
assay. The results indicated that the viable PDL cells are significantly greater for Propolis 
than the other groups. Thus Propolis can be used as a storage media for avulsed teeth. 
Sosroseno W., Sabir A et al (2005) 
[71]
 compared the rats pulpal tissue reaction after 
pulpotomy with calcium hydroxide paste with saline solution, iodoform paste, green 
propolis extract, green propolis extract + iodoform  by performing histological analysis. 
Among the groups, calcium hydroxide paste showed lowest inflammatory reaction and 
green propolis extract + iodoform showed intensive inflammatory response.  
Simone Duarte, et al. (2006) 
[78]
 evaluated the effect of propolis against mutans 
streptococci producing dental caries. The results indicated that rats infected with 
Streptococcus sobrinus 6715 and Streptococcus mutans UA159 and treated with Propolis 
topically showed decreased smooth surface caries incidence and it is due to the free fatty 
acids which is present in Propolis inhibited the acid production by Streptococcus mutans. 
Asha Nara et al (2010)
 [6]
 evaluated the antibacterial efficacy of biopure MTAD, 3% 
NaOCl and Brazilian ethanolic extract of  Propolis. In this study, they found that MTAD 
showed good antimicrobial activity than Propolis, 3% NaOCl. 
 
Soley Arslan et al (2011) 
[83]
 compared the antimicrobial activity of 5% NaOCl, MTAD, 
CHX, propolis against Candida albicans and Enterococcus Faecalis by measuring the 
minimum bactericidal concentration MBC and minimum inhibitory concentration MIC. 
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The study concluded that NaOCl and Propolis were equally effective against E. Faecalis. 
CHX and MTAD in lower concentrations were more effective on E. Faecalis when 
compared to C. albicans.  
 
Omuru DDS, PhD et al ( 2011) 
[56]
 compared the antibacterial activity of 2 propolis 
sample collected from different places and Calcium hydroxide and CHX by determing 
the number of colony forming units. The results concluded that propolis had 
antimicrobial activity but it is less than CHX. 
 
Madhubala MM et al (2011) 
[43] 
studied the bactericidal activity of triantibiotic mixture  
(TAM), an ethanol extract of Propolis, calcium hydroxide as intracanal medicament 
against Enterococcus Faecalis. On day 2 Propolis showed 100% reduction in bacterial 
colonies and TAM showed 92.2% reduction in colony counts. The results indicated that 
the antimicrobial activity of Propolis was more than the TAM. 
 
Manjesh kumar et al (2014) 
[46]
 compared the efficacy of 25% Propolis (water-soluble) 
extract and saline used as an endodontic irrigant in the pediatric patients. The results 
concluded that Propolis reduced the post irrigation bacterial colonies (Escherichia, 
Staphylococcus, Enterococcus faecalis, Streptococci). 
LIQUORICE 
R. Segal et al (2006) 
[63]
 evaluated the Liquorice and its component glycyrrhizin ability 
to inhibit the growth of cariogenic Streptococcus mutans and its adherence to glass. Both 
the test material did not promote the growth. With the sucrose presence, glycyrrhizin 
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inhibited the plaque formation. The concentration in which glycyrrhizin showed complete 
inhibition was 0.5–1%. The results concluded that glycyrrhizin could be used an as an 
effective vehicle for topical oral medications. 
Vivek K. Gupta (1998) 
[91]
 evaluated the antimicrobial activity of roots of Glycyrrhiza 
glabra. The results showed that it had Antimycobacterial activity and it also inhibited 
growth of both Gram-negative and Gram-positive bacteria. The results indicated that 
liquorice could be used as antitubercular agent. 
Bodet C (2005) 
[8]
 evaluated the effect of Glycyrrhiza uralensis (licorice) on the 
reduction of periodontopathogen-induced inflammatory response. Licorice treated 
Monocyte-derived macrophages were induced by lipopolysaccharide (LPS) of 
Aggregatibacter actinomycetemcomitans and Porphyromonas gingivalis. Enzyme-linked 
immunosorbent assays was used to detect the level of tumor necrosis factor-alpha (TNF-
alpha) and interleukin (IL)-1beta, -6, and -8. The licorice extract showed good anti-
inflammatory properties. Phosphorylation of macrophage intracellular signaling was 
inhibited by the licorice extract. The results indicated that periodontitis-associated tissue 
destruction could be arrested by licorice extract.  
Haraguchi et al (2006) 
[22]
 evaluated the antimicrobial activity of retrochalcones that is 
echinatin and Licochalcone A-D which were isolated from Glycyrrhiza inflata roots. 
Gram-positive bacteria were inhibited in higher rate by licochalcone A and C. The 
oxygen consumption in bacterial cells was inhibited by retrochalcones. Licochalcones 
inhibited the NADH-cytochrome c reductase but it did not inhibit the cytochrome c 
oxidase.  In the respiratory electron transport chain of bacteria, Licochalcones inhibited 
the site be between CoQ and cytochrome c. 
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Söderling E (2008) 
[82]
 evaluated the effect of starch gel containing Liquorice on 
accumulation of plaque and its microbial composition. The plaque was evaluated for 
facultative bacteria, total streptococci, Mutans streptococci by plate culturing. PCR-
denaturing gradient gel electrophoresis was used to determine the bacteria stability in the 
plaque. The results indicated that both control gel (8% acid-hydrolyzed corn starch) and 
liquorice gel did not showed difference in the microbial counts. The stability of bacterial 
populations was not affected by liquorice gel. To conclude, liquorice extract with starch-
gel had no effect on the formation of plaque after consumption of liquorice gel for 2-
weeks. 
 
A.E. Badr et al (2011) 
[1]
 studied the cytotoxic and antimicrobial activity of Liquorice 
and compared it with the calcium hydroxide Ca (OH) 2 by conducting the broth 
microdilution tests, Agar-well diffusion methods and biofilm susceptibility assays. The 
results indicated that Liquorice did not have lethal effects on Human periodontal ligament 
fibroblast Cells and it had potent antimicrobial activity against Enterococcus Faecalis.  
 
Eesha Jain (2013) 
[15]
 conducted the study to evaluate the cariostatic efficacy of 
ethanolic and aqueous Liquorice extracts in vitro as well as in vivo. Double-blind pilot 
study was conducted among pediatric patients of age 7-14 years. They are divided into 3 
groups. Group 1 - chlorhexidine gluconate (0.156%) mouthwash, Group 2- aqueous 
liquorice mouthwash (15%), Group 3- ethanolic liquorice mouthwash (3.75%). The 
saliva samples were evaluated for streptococci mutans colony counts and pH change. 
Salivary pH was immediately increased after using Liquorice mouthwash. The colony 
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counts were also reduced in ethanolic liquorice group. The results concluded that 
ethanolic and aqueous liquorice extracts showed excellent cariostatic activity.  
Ashit G. Bharwani, A. Suchetha (2013)
[2]
 evaluated the effect of Periocare® Gum 
Massage powder which consists of Glycyrrhiza glabra, Rubia cordifolia, Piper nigrum, 
Cinnamon zeylanicum, Eugenia caryophyllata in reducing the gingival inflammation. The 
results indicated that when Gum Massage powder used in combination with mechanical 
therapy showed microbiological and clinical improvement. 
 
GERMAN CHAMOMILE 
 
Sadr Lahijani MS et al (2006) 
[72]
 evaluated the efficacy of intracanal irrigants-tea tree 
oil, chamomile extract, 2.5% sodium hypochlorite (NaOCl) solution in removing the 
smear layer. The results indicated that chamomile was superior to NaOCl but its effect 
was less than EDTA + NAOCl. 
 
Blumberg JB, McKay DL (2006) 
[50]
 described the principal components of Chamomile 
essential oil and its medicinal properties. The essential oil principal components are 
alpha-bisabolol, terpenoids, azulenes, including chamazulene. It has anti-inflammatory, 
antimicrobial, antimutagenic and antiplatelet activities. 
 
CONFOCAL LASER SCANNING MICROSCOPE 
 
Ya Shen et al (2010) 
[93]
 determined the viable bacteria at varying growth stages of a 
multispecies oral biofilm and compared the results with culturing and plate counting 
Introduction 
Review of  l i terature  
 16 
 
 
(colony-forming unit counts [CFUs] and those with the LIVE/DEAD BacLight Kit 
(Molecular Probes, Eugene, OR). LIVE/DEAD stain showed only a 25% drop in viability 
but the CFU counts showed more than four logarithmic steps drop during phase ІІ. 
Viability staining showed marked improvement from 75% nearly to the original 100% 
whereas in CFU counts, the counts raised during phase III but the time period for this to 
occur was nearly 4 weeks. The results indicated that viability staining predicted the 
accurate number of viable bacteria in the biofilm than the culturing method. 
 
Jingzhi Ma et al (2011) 
[33]
 evaluated the efficacy of different concentrations of sodium 
hypochlorite (NaOCl), Qmix and 2% chlorhexidine (CHX) by confocal laser scanning 
microscopy. The bacteria killed were more than 40% and 60% for Qmix and 6% NaOCl, 
30%–40% for 2% CHX and 20%–30% for One percent and 2% NaOCl . The results 
showed that by increasing the NaOCl concentrations and time of exposure, the number of 
dead cells present in the dentin was increased. Qmix was also significantly effective. 
 
Hannah Rosaline et al (2013) 
[21]
 evaluated the effect of various irrigants in the 
adherence of E. faecalis in the dentinal tubules. The irrigants used were 5.2% sodium 
hypochlorite (NaOCL), Ethylenediaminetetraacetic acid (EDTA), Morinda 
citrifolia(MC) , Azadiracta indica (AI). All the specimens were treated with 5.2% sodium 
hypochlorite (NaOCL) for 30 min which is followed by 5 min irrigation with 
Ethylenediaminetetraacetic acid (EDTA). For group 1, the final irrigant used was saline.  
For group 2, the final irrigant used was NaOCl. For group 3, the final irrigant used was 
Morinda citrifolia(MC). For group 4 and 5, the final irrigant used was Azadiracta 
indica (AI) and green tea (GT). The dentin specimens were stained with BacLight which 
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has propidium diode and fluorescein isothiocyanate with emission of 490/635 
nm and 480/500 nm. The dentin specimens were spread onto a microscopic slide and 
studied in the confocal laser scanning. The results indicated that dentin adherence of E. 
faecalis were saline (86.70%), GT (27.30%), NaOCl (12.50%), MC (44.20%) and AI 
(9.30%). The results concluded that adherence of E. faecalis to dentin was prevented 
effectively by Neem.  
Introduction 
  
 
 
 
 
 
 
 
 
Materials and Methodology 
 18 
 
 
 
MATERIALS AND METHODOLOGY 
 
ARMAMENTARIUM AND MATERIALS USED IN THIS STUDY ARE 
- 65 maxillary central incisors 
- Wheel diamond disc 
- Straight handpiece ( NSK Slow Speed Handpiece) 
- Barbed broaches ( Dentsply)  
- K- type files – Size 10 and 15 ( Dentsply) 
- Protaper NiTi rotary files (SX, S1, S2, F1, F2 and F3, Dentsply )  
- H- type files – Size 30 ( Dentsply) 
- Endoblock (Dentsply) 
- 5% sodium hypochlorite  (CE Prime Dent Products) 
- Propolis  (Nature’s answer products) 
- Liquorice (Swanson products) 
- German Chamomile (Nature’s answer products) 
- 2ml and 5 ml syringes 
- Prorinse needles (Dentsply) 
- Absorbent paper points – Size 30 (Dentsply) 
- Auto polymerizing acrylic resin  (DPI- Cold cure) 
- Autoclave ( NC Dalal company) 
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FOR AGAR WELL DIFFUSION TEST AND COLONY FORMING UNITS (CFU) 
– MICROBIOLOGICAL CULTURE 
- Enterococcus faecalis- 0.5 Mc Farland standard 
- BHI broth (Hi media products) 
- Mac Conkey agar (Hi media products) 
- Muller-Hinton agar (Hi media products)  
- Bile-esculin agar (Hi media products) 
- 3ml Aliquot tubes 
- 100 µL Micropipette 
- Petri plates 
- Aluminium loop 
- Stainless steel borer 
- Vortexing machine (Murata vortex) 
- Laminar air flow chamber ( NC Dalal company) 
- Incubator ( NC Dalal company) 
FOR VIABILITY OF BACTERIA – CONFOCAL LASER SCANNING 
MICROSCOPY (CLSM) 
- Auto polymerizing acrylic resin (DPI- Cold cure) 
- Aquasil soft putty impression material (Dentsply) 
- Phosphate buffer saline solution (PBS) 
- Baclight stain – SYTO 9 and Propidium Iodide (PI) (Invitrogen) 
- Accutom-50 hard tissue Microtome 
- Zeiss Laser scanning microscope 510 
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METHODOLOGY 
AGAR-WELL DIFFUSION TEST  
Agar- well diffusion test was done to confirm the antibacterial activity of herbal 
irrigants (Propolis, Liquorice and German chamomile) against Enterococcus Faecalis. 
Bacterial suspensions in phosphate-buffered solution were made at concentrations of 0.5 
MacFarland in the Department of Microbiology (Madras medical college, Chennai). 20 
mL of Muller-Hinton agar were inoculated with 0.1 mL of the microbial suspensions and 
poured in the Petri plates. Wells (5 mm deep, 4 mm in diameter) were punched in each 
agar plate using a sterile stainless steel borer (five wells/plates). Each well was filled with 
30 µl of the test materials (Propolis, Liquorice, German chamomile, 5% NaOCl and 
ciprofloxacin) respectively. Ciprofloxacin was the control in this study. The plates were 
maintained for 2 hours at room temperature and then incubated at 37°C for overnight. 
After incubation period, zones of inhibition was recorded in mm.  
AGAR PLATE DILUTION METHOD 
Agar plate dilution test was used to determine the Minimum Inhibitory 
Concentration (MIC) of the herbal solutions. Different concentrations of the experimental 
solutions were mixed with the Muller-Hinton agar and poured in the Petri plates.  The 
plates were then inoculated with Enterococcus Faecalis suspension. Inoculated agar 
plates were allowed to stand until the inoculum spot were completely absorbed and after 
then it was incubated at 37°C for overnight. After incubation, the Minimum Inhibitory 
Concentration (MIC) of the test materials was interpreted.  
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SAMPLE SELECTION AND PREPARATION 
In this study, seventy six freshly extracted single rooted maxillary central incisors 
were selected. The external surfaces of the teeth were cleaned and stored at room 
temperature in physiological saline. The teeth were decoronated using diamond disc with 
copious water at the cemento- enamel junction. The length of the roots of all the teeth 
were in between 10 to 14mm. Barbed broaches were used to remove the pulpal tissue. 
No. 10 K- type file was inserted into the canal until it appeared at the apical foramen and 
the working length was determined by subtracting 1mm from the actual length. The 
apical foramen of all the specimens was sealed with auto polymerizing acrylic resin to 
prevent the bacterial leakage. The root canals were enlarged up to no. 15 size K- type file 
to the working length. Each specimen was placed in the 3ml Aliquot tubes separately 
(Fig.15)  and the tubes were autoclaved at 121°C for 20 minutes at 15 lbs.  
PREPARATION OF SUSPENSION 
      Bacterial suspension of Enterococcus faecalis which is equivalent to 0.5 Mc farland 
standard was prepared in a tube. 0.5 Mc farland standard was prepared by adding cold 
1% v/v solution of pure sulphuric acid and 1% solution of anhydrous Barium chloride to 
get a bacterial concentration of 150 millions/ml. 
 
REINFECTION OF STERILIZED ROOT CANALS 
Under laminar air flow chamber, sterilized specimens were opened and they were 
completely inoculated with Enterococcus faecalis suspension by using 100 µL 
micropipette. The bacterial suspension was carried inside the root canal by using sterile 
Introduction 
Introduction 
Mater ials  and methodology  
 22 
 
 
no. 15 size K- file. Then the specimens were placed in sterilized Aliquots tube and 
incubated at 37°C for 48 hours. The bacterial suspension was not inoculated in 1 
specimen to confirm the sterilization and was kept as negative control. 
The remaining specimens were divided into four experimental groups based on the type 
of irrigant used. 
GROUP I – 5% SODIUM HYPOCHLORITE (N=16) 
GROUP II – PROPOLIS (N= 16) 
GROUP III – LIQUORICE (N= 16) 
GROUP IV – GERMAN CHAMOMILE (N= 16) 
 (16 Samples from each group were subdivided into 11 samples for CFU and 5 samples 
for CLSM) 
       Among the 11 specimens for CFU, five specimens (one specimen from each group) 
were not irrigated with the respective solutions and kept as positive control and were used 
to check the viability of bacteria. 
 
INSTRUMENTATION AND IRRIGATION PROTOCOL 
     In Group I – 5% Sodium hypochlorite was used. The root canals were instrumented to 
the calculated working length by crown down technique using Protaper NiTi rotary files 
and the canals were enlarged to F3 size. While doing instrumentation, as per the irrigation 
criteria, the canals were irrigated with 2ml of 5% Sodium hypochlorite for 1ml/minute. 
Then the root canal was irrigated with final rinse of 3ml of 5% Sodium hypochlorite for 
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5minutes and then the excess moisture in the canal was dried using sterile size 30 paper 
points for 10 seconds. 
,,FOR COLONY FORMING UNITS (CFU) – MICROBIOLOGICAL CULTURE 
     The dentin debris was collected from the 10 root canal samples using no. 30 size H 
file and they were transferred to Aliquot tubes containing 3ml of physiological saline and 
vortexed for 1 minute. Incubation of this tube was done at 37°C for 48 hours.  From the 
10 specimens, 1:10 serial dilutions were obtained. By using standard loop technique, 
bacterial culture was inoculated on Mac Conkey agar and the incubation of inoculated 
plates were done at 37°C for 48 hours under aerobic conditions. (Fig. 16)  Growth was 
identified as white pin point colonies on the agar plates and the colony forming units 
were counted. The bacterial colonies were confirmed as E.faecalis by doing gram staining 
(Fig. 17) and Bile-esculin test. Bile-esculin agar medium preparation is done as agar 
slants. The Bile-esculin agar medium constituents are Beef extract, Esculin, Peptone, 
Oxgall (Bile), Agar and Ferric citrate. This test was specific for E.faecalis. The colonies 
from the plate were inoculated in the bile esculin medium slant and incubated for 24 
hours at 35- 37°C and the results are determined. E.faecalis hydrolyzes esculin and the 
media will turn black or dark brown. (Fig. 18)  
Same procedure was repeated for the group II, III and IV using Propolis, Liquorice, 
German Chamomile respectively. The colony forming units were counted. 
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FOR VIABILITY OF BACTERIA – CONFOCAL LASER SCANNING 
MICROSCOPY EXAMINATION 
EMBEDDING AND PROCESSING 
     Impression putty was used to make molds and then by using the mold, acrylic blocks 
were made with the roots embedded into the acrylic resin (Fig. 19). The acrylic block was 
mounted on a CATSI specimen holder and then apical third were cut using Accutom-50 
hard tissue microtome to get two evenly distributed transverse sections of thickness 
1mm(Fig. 20) . The sections were placed in the tube containing saline and agitated for 
cleaning. 960 µmol
-1 
saline was used to dilute the fluorescent stains SYTO 9 and 
Propidium iodide (PI) to get a final concentration of 2 µmol
-1
 SYTO 9 and 40 µmol
-1 
PI. 
The prepared stain was transferred to the plastic vials containing the sections and 
maintained in dark at the room temperature for 30 minutes. Then the staining solution 
was replaced with saline and the plastic vials were agitated to remove the excess stain. 
The washing step was done twice and the sections were blotted dry. 
     By using Confocal laser scanning microscope (CLSM), sections were examined with 
illumination by a krypton/Argon laser (488nm). The excitation beam splitter used was 
477/543 nm double dichroic mirror and a short pass filter (545 nm) which divides red and 
green fluorescence between the photomultipers. SYTO 9 was visualized by 505 to 550 
nm band pass filter and PI by 650 nm long band pass filter. Amira 5.0 software was used 
to analyze the fluorescent images and LSM Image Browser was used to view the image 
stacks. The image stacks were viewed as red (dead bacteria), live (green bacteria) and 
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yellow (mixed live and dead bacteria, predominantly dead bacteria) fluorescence. The 
number of voxels in each optical slice was determined by the drawing tool and 
quantification tool and the data were evaluated.  
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PROCEDURAL FLOW CHART FOR AGAR-WELL DIFFUSION TEST  
 
FOR AGAR PLATE DILUTION METHOD 
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FOR SAMPLE SELECTION AND PREPARATION 
 
A 
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Specimens were divided into five groups 
 
 
 
 
 
GROUP I   
5% SODIUM 
HYPOCHLORI
TE (N=16) 
GROUP II 
PROPOLIS 
(N= 16) 
GROUP III 
LIQUORICE 
(N= 16) 
N=1 from 
each group -
Positive 
Control 
GROUP IV  
GERMAN 
CHAMOMILE 
(N= 16) 
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FOR VIABILITY OF BACTERIA – CONFOCAL LASER SCANNING 
MICROSCOPY EXAMINATION 
 
 
 
• With putty impression material, acrylic blocks were made and the roots 
embedded in blocks 
• Acrylic block was mounted on a CATSI specimen holder and then apical 
third were cut using hard tissue microtome to get transverse sections of 
thickness 1mm 
• Sections washed in saline, placed in plastic vials containing stain (SYTO 9 
and PI) and maintained at room temperature for 30 minutes 
• Sections washed again and blotted dry 
• Examination of Sections by CLSM - krypton/Argon laser at 505 to 550 nm 
for SYTO 9 and 650 nm for PI  
• Amira 5.0 software was used to analyze the fluorescent images and LSM 
Image Browser was used to view the image stacks 
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TOOTH SAMPLES 
Fig 1 
CLEANING AND SHAPING 
INSTRUMENTS –  F ig 2 
 
IRRIGANTS 
 Fig 3 
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HARD TISSUE MICROTOME 
Fig 13 
CONFOCAL LASER SCANNING 
MICROSCOPE –  F ig 14 
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RESULTS 
AGAR-WELL DIFFUSION TEST AND AGAR PLATE DILUTION TEST 
SUSCEPTIBILITY OF E. FAECALIS AGAINST THE TEST SOLUTIONS 
(TABLE 1) 
TEST SOLUTION ZONE OF INHIBITION 
5% NaOCl 28 mm 
PROPOLIS 28 mm 
LIQUORICE 27 mm 
GERMAN CHAMOMILE 25 mm 
CIPROFLOXACIN 30 mm 
 
(TABLE 2)  
TEST SOLUTION MINIMAL INHIBITORY 
CONCENTRATION 
PROPOLIS 16.6 mg/ml 
LIQUORICE 100 mg/ml 
GERMAN CHAMOMILE 100 mg/ml 
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When compared with Ciprofloxacin, the test solutions showed significant zone of 
inhibition in the agar well diffusion test. Ciprofloxacin showed maximum zone of 
inhibition. 5% NaOCl and Propolis showed similar zone of inhibition followed by 
Liquorice and German chamomile. (fig. 21) 
The minimum inhibitory concentration against E. faecalis for Propolis, Liquorice 
and German chamomile were 16.6 mg/ml, 100 mg/ml and 100 mg/ml. (fig. 22, 23, 24)                                          
             Zone of inhibition for the tested materials falls in the following order: 
Ciprofloxacin > 5% NaOCl = Propolis > Liquorice > German chamomile. 
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AGAR WELL DIFFUSION TEST 
Fig -  21 
MIC PROPOLIS 
F ig -  22 
MIC LIQUORICE  
F ig -  23 
MIC GERMAN CHAMOMILE 
Fig -  24 
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MICROBIOLOGICAL CULTURE 
COLONY FORMING UNITS (TABLE 3) 
S. NO 
GROUP I  
5% NaOCl 
GROUP II 
PROPOLIS 
GROUP III 
LIQUORICE  
GROUP IV 
GERMAN 
CHAMOMILE 
PLATE 1 10 13 17 12 
PLATE 2 0 15 12 13 
PLATE 3 0 7 13 10 
PLATE 4 8 6 13 20 
PLATE 5 4 8 9 16 
PLATE 6 8 7 8 21 
PLATE 7 4 10 8 21 
PLATE 8 5 10 12 15 
PLATE 9 5 7 11 28 
PLATE 10 4 8 10 10 
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Results 
GROUP I –  5% SODIUM HYPOCHLORITE 
Fig.  25 
GROUP II  –  PROPOLIS  
F ig.  26 
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GROUP II I  –  L IQUORICE  
F ig.  27 
GROUP IV –  GERMAN CHAMOMILE 
Fig-28 
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STATISTICAL ANALYSIS 
           Statistical software SPSS 16 was used for analyzing the data and for creating the 
tables and graph.         
The results of one way ANOVA test (Table 4) showed significant difference 
between the Group I and the other groups. (p< 0.05). Multiple comparisons between the 
groups done with the Post-Hoc test (Table 5) revealed that, Group I – 5% sodium 
hypochlorite and Group II – Propolis showed statistically significant difference (p< 0.05) 
when compared to other groups. 
 
ONEWAY ANOVA 
COLONY FORMING UNITS – MICROBIOLOGICAL CULTURE (TABLE4) 
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POST HOC TESTS – MULTIPLE COMPARISON (TABLE 5) 
Dependent variable: Microbiological culture 
Turkey HSD 
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HISTOGRAM REPRESENTATION OF COLONY FORMING UNITS   
(GRAPH 1) 
 
One way ANOVA and POST HOC test (Dependent variable) shows statistically no 
significant difference between group I and II (p>.05) when compared to other groups. 
Group I ≤ Group II < Group III < Group IV  
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CONFOCAL LASER SCANNING MICROSCOPE 
VIABILITY OF BACTERIA (TABLE 6) 
 
STATISTICAL ANALYSIS 
The values for bacterial viability were tabulated in Table 6. 
The results of one way ANOVA test (Table 7) showed significant difference between the 
Group I and the other groups.  (p< 0.05)  and on multiple comparison using Post-Hoc test 
(Table 8) showed that,  group I – 5% sodium hypochlorite and group II – Propolis 
showed statistically significant difference (p<.05) when compared  to other groups. 
  
GROUP 
NAME 
SAMPLE 1 SAMPLE 2 SAMPLE 3 SAMPLE 4 SAMPLE 5 
GROUP I 9.88 2.42 24.24 13.09 2.28 
GROUP II 31.80 10.13 14.18 19.62 25.87 
GROUP III 30.77 51.42 50.18 22.20 40.22 
GROUP IV 54.95 50.06 75.78 59.53 59.21 
Results  
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ONEWAY ANOVA 
 
VIABILITY OF BACTERIA - CONFOCAL LASER SCANNING MICROSCOPE 
(TABLE 7) 
 
Sum of 
Squares df Mean Square F Sig. 
Between Groups 7152.664 3 2384.221 23.288 .000 
Within Groups 1638.044 16 102.378   
Total 8790.707 19    
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POST HOC TESTS – MULTIPLE COMPARISON (TABLE 8)  
Dependent variable: Confocal laser scanning microscopy 
Turkey HSD 
  
Results  
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HISTOGRAM REPRESENTATION OF VIABILITY OF BACTERIA (GRAPH 2)  
 
One way ANOVA and POST HOC test (Dependent variable) shows statistically no 
significant difference between group I and II (p>.05) when compared to other groups. 
Group I ≤ Group II < Group III < Group IV  
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CONFOCAL LASER SCANNING MICROSCOPE 
DEAD BACTERIA (TABLE 9) 
GROUP NAME 
SAMPLE 
1 
SAMPLE 
2 
SAMPLE 
3 
SAMPLE 
4 
SAMPLE 
5 
GROUP I 45.53 88.44 65.40 81.25 89.82 
GROUP II 52.56 73.57 70.99 53.37 60.39 
GROUP III 58.44 40.75 17.23 39.64 44.24 
GROUP IV 30.53 25.03 6.62 21.35 34.95 
 
STATISTICAL ANALYSIS 
The values for dead bacteria were tabulated in Table 9. The results of one way ANOVA 
test (Table 10 ) revealed that group I - 5% sodium hypochlorite showed significant 
difference when compared to other groups (p<.05)  and on multiple comparison using 
Post-Hoc test (Table 11) showed that,  group I – 5% sodium hypochlorite and group II – 
Propolis showed statistically significant difference (p<.05) when compared to other 
groups. 
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ONEWAY ANOVA 
DEAD BACTERIA - CONFOCAL LASER SCANNING MICROSCOPE 
 (TABLE 10) 
 
Sum of 
Squares df Mean Square F Sig. 
Between Groups 7594.769 3 2531.590 12.959 .000 
Within Groups 3125.689 16 195.356   
Total 10720.458 19    
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POST HOC TESTS – MULTIPLE COMPARISON (TABLE 11) 
Dependent variable: Confocal laser scanning microscopy 
Turkey HSD 
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HISTOGRAM REPRESENTATION OF DEAD BACTERIA (GRAPH 3) 
 
One way ANOVA and POST HOC test (Dependent variable) shows statistically no 
significant difference between group I and II (p>.05) when compared to other groups. 
Group I ≥ Group II > Group III > Group IV  
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INTERPRETATION OF RESULTS 
 
The number of viable bacteria in the dentinal tubules of the specimens obtained in 
Confocal laser scanning microscopy were 
GROUP I– 5% SODIUM HYPOCHLORITE (10.70%) 
GROUP II – PROPOLIS (17.39%) 
GROUP III – LIQUORICE (39.16%) 
GROUP IV – GERMAN CHAMOMILE (59.44%)  
 
In Propolis treated specimens, the number of post-irrigant  positive growth and viable 
bacteria seen was greater than the number obtained in sodium hypochlorite (5% NaOCl) 
treated specimens, but this difference was insignificant (P>0.05). 
 
Based on this study, the antibacterial efficacy of test solutions against E. Faecalis falls in 
the following order:  
Group I (5%NaOCl) ≥ Group II (Propolis) > Group III (Liquorice) > Group IV (German 
chamomile)  
Results  
  
CONFOCAL LASER SCANNING MICROSCOPE (40x) 
VIABILITY OF BACTERIA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Red fluorescence - dead bacteria 
Green fluorescence - Live bacteria  
Yellow fluorescence - mixed live and dead bacteria, predominantly dead bacteria  
 
Results 
GROUP I –  5% SODIUM HYPOCHLORITE Fig.  29  
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GROUP II  –  PROPOLIS F ig.30 
  
 
 
 
 
 
 
 
 
 
 
GROUP IV – GERMAN CHAMOMILE (Fig. 32) 
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Result  
GROUP I I I  –  L IQUORICE Fig.31 
  
 
GROUP IV –  GERMAN CHAMOMILE Fig. 32 
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DISCUSSION 
 
Microorganisms and their byproducts play a crucial role in pulpal and periapical 
pathosis
[31]
. Elimination of these bacteria from the root canal is one of the predominant 
goals of the root canal treatment
 [80]
. Approximately, Only 50% of root canal bacteria 
reduction is achieved by the mechanical instrumentation alone.
 [11]
 Evans et al 
[17]
 claimed 
that the purpose of chemical debridement is to remove the bacterial biofilm and residual 
tissue, especially from the non-instrumented areas in the root canal. Hence it is inevitable 
to use the best irrigant while performing chemomechanical preparation.  
Enterococci faecalis is gram positive cocci and is a normal inhabitant of the oral 
cavity. The increased presence of E. faecalis is observed in those patients who had initial 
endodontic treatment and retreatment than the patients showing no endodontic history. 
[75]
 
Siqueira et al. 
[81]
 found E.faecalis more often in symptom-free teeth than in teeth with 
acute symptoms. The prevalence of E. faecalis in primary endodontic infections was 
found to be in the range of 4 to 40%.
 [68]
 In persistent periradicular lesions, the prevalence 
of E. faecalis is much higher.  The presence of E. faecalis in the root canal treated teeth 
with periradicular lesions have shown to be 24 to 77%.
 [19]
 
In this study, Enterococci faecalis was selected because it is commonly associated 
with the apical periodontitis in retreatment cases and it has the ability to sustain in 
unfavorable environment like low nutrient availability, extreme alkaline pH
[68][48]
. 
Antibiotic resistant strains have emerged making their eradication challenging in 
endodontically treated teeth. It is also found to be resistant to chemicals like Potassium 
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iodide, Calcium hydroxide and Sodium hypochlorite
 [16]
 and has the ability to survive as a 
monoinfection in the root canals
 [60]
 
Maximum antimicrobial action, tissue dissolving property and least toxicity are 
some of the important characteristics of an ideal root canal irrigant.
 [79]
 Sodium 
hypochlorite is the gold standard and most commonly used irrigant, till date. It has been 
recommended as an irrigating solution for chemo-mechanical debridement of root canals 
and as a broad spectrum antibacterial agent
[70]
. These capabilities are particularly needed 
to remove the residual organic matter from otherwise inaccessible areas.  The 
antimicrobial activity of Sodium hypochlorite is attributed to the Hypochlorous acid 
(HOCl) released by it and its Oxidative action on the Sulfhydryl groups present in the 
bacterial enzymes which in turn results in cessation of metabolism of the 
microorganism
[89]
. NaOCl possesses most of the requirements of an ideal root canal 
irrigant
 [68][94]
 thus justifying its use in this study.  
Sodium hypochlorite, generally considered as an ideal irrigant but it also has 
various demerits like tissue toxicity, allergic potential, risk of emphysema, and 
disagreeable taste, which induced researchers to look for other alternatives. 
In dental and medicinal practices, natural products have been used for thousands of years 
and now it is regaining the phase because of its characteristics like low toxicity, long 
shelf life and lack of microbial resistance.
 [3]
 
In the present study, three herbal solutions (Propolis, Liquorice and German 
chamomile) were chosen as irrigants. Propolis, a bee product collected from various plant 
sources by honey bees, possesses antimicrobial property against numerous pathogenic 
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organisms.  Its chemical composition varies depending on the geographical origin. 
Flavonoids, Phenolics and aromatic compounds are the chemical substances found in 
Propolis. Flavonoids have antimicrobial, antioxidant, antifungal, anti-inflammatory and 
antiviral properties. In addition to this, Brazilian Propolis has prenylated acetophenones, 
dihydrocinnamic acid and specific terpenoids, which also possess antimicrobial activity. 
According to Bosio et al. (2000) 
[9]
, the antibacterial activity of Propolis could be due to 
the flavonoids present in them. Propolis has also shown antimicrobial activity against S. 
aureus. Koo et al evaluated the antimicrobial efficacy of Propolis using agar diffusion 
method and it uncovered the fact that Propolis inhibited all the strict and facultative 
anaerobic microorganisms tested
 [38]
. Oncag et al reported that Propolis showed good 
antimicrobial activity against E.faecalis when used as an intracanal medicament.
 [57]
 Gafar 
et al observed that Propolis intracanal dressing showed good results than Camphorated 
paramonochlorophenol.
 [18]
 Propolis when used as a pulp capping agent promoted hard 
tissue barrier formation similar to calcium hydroxide.
[10]
 Propolis exerted only minimal 
toxicity against pulp and periodontal cell culture observed by Al Shaher et al 
[4]
. 
Considering all the above cited research findings, Propolis was used as one of the irrigant 
in this study. 
One of the oldest herbs used in ancient Ayurvedic medicine is Liquorice. The 
Triterpenoid compound, Glycyrrhizin present in Liquorice is a mixture of 2-25% 
potassium-calcium magnesium salts of glycyrrhizic acid. Demizu et al., 1988, Okada et 
al., 1989, Haraguchi et al., 1998 documented the antimicrobial activity of Glycyrrhiza.
 
[14]
. Liquorice has also shown Antitubercular activity and it is used to treat throat 
infections, arthritic conditions, eye diseases and liver diseases in Ayurveda. The 
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Flavonoids present in Liquorice extract exhibited antibacterial and Anti-Helicobacter 
pylori activities.  
           Glabridin present in Liquorice performs many pharmacological activities like 
antimicrobial activity against Staphylococcus aureus, anti-inflammatory (Nerya et al., 
2003),
 [55]
 effect on adenosine 3, 5-cyclic monophosphate phosphodiesterase (Kusano et 
al., 1991)
 [41]
, human cytochrome P450s 3A4, 2C9 and 2B6 inhibition (Kent et al., 2002)
 
[36]
, oxidation of low-density lipoprotein (Rosenblat et al., 1999)
 [69] 
and protecting 
mitochondria from oxidative stresses (Haraguchi et al., 2000)
 [23]
 
Badr et al revealed that when compared to Ca (OH) 2, Liquorice showed good 
biocompatibility with fibroblast cells and was shown to be effective against E.faecalis, 
when used as an intracanal medicament
 [1]
.Thus, Liquorice was used in this study to 
compare its effectiveness with Sodium hypochlorite.  
              German Chamomile is an herb originally present in Europe. Its extract is used to 
treat back pain, rheumatism, insomnia, neuralgia, indigestion, headaches, flatulence, skin 
conditions. It is considered as “Cure All” herb in Europe. German Chamomile was 
chosen for this study because literature review states that it has anti-inflammatory, anti-
oxidant, antibacterial, antiviral, antifungal activity. It has antibacterial activity against 
wide range of gram-positive bacteria such as Streptococcus salivarius, Bacillus subtilis, 
Streptococcus mutans and Staphylococcus aureus. 
Sadr et al showed that chamomile extract was capable to remove smear layer but 
its efficacy was less when compared to NaOCl +17% EDTA
 [72]
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          In the present study, human maxillary central incisors were used because of its 
non-complex handling and it allows for studying the antimicrobial properties of irrigant 
affected by root canal morphology and dentin components. 
[20]
 
        The general protocol used for instrumentation was the canals were enlarged to F3 
protaper,
[28]
 and canals were irrigated with 2ml of respective irrigant for 2 minutes and 
then final rinse of 3ml of respective irrigant for 5 minutes was done in all groups.
[66]
 
       For sampling, Hedstrom files (no-30 size) were used. Dentin chips of smaller 
particles were obtained by using these files which enabled sample homogenization and 
more reliable quantification of bacteria.
 [87]
 
        According to Shalhav et al, to determine the antimicrobial properties of dental 
materials, it is proposed that one assay method is not enough.
[76]
 For this reason, the 
extent of antibacterial activity and MIC measurement was conducted by dilution method. 
The diffusion and the dilution test give qualitative and quantitative results of bacterial 
sensitivity.
 [45]
 
In determining the antibacterial activity, growth media plays a vital role. Lin et al. 
reported that the best medium to determine the antibacterial activity was Muller-Hinton 
agar and the same was utilized in this study.
 [29]
 
      To evaluate the antimicrobial activity of irrigants in vitro, Colony forming unit 
method is the gold standard and therefore this method was adopted in this study. One of 
the reliable methods to detect bacteria, when samples are procured immediately after 
antibacterial treatment was culture dependent approach. Cultivable bacteria which have 
the ability to initiate cell division and form colonies will only be included in Colony 
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count enumeration. Negative culture does not indicate sterility, instead negative culture 
implies that Cultivable bacteria were well below the level required to produce colonies to 
detect in the culture dependent methods. 
[74]
 In addition to this, they were sensitive to 
culture conditions like media, duration of incubation, temperature etc. 
[49]
 
            Because of this limitation, Confocal laser scanning microscope (CLSM) was used 
to detect the amount of Live / Dead bacteria. By using special reagents, we can 
distinguish the difference between Live / Dead bacteria and view them in Green and Red 
florescent color coding. The BacLight Bacterial Viability Kit was developed by 
Molecular Probes Inc., which consists of two reagents- SYTO 9 and propidium iodide 
(PI). Spectral characteristics and their penetration ability in viable bacterial cells vary 
among the two reagents 
[51]
.  SYTO 9 stains all viable cells as green by penetrating intact 
cell membrane, whereas propidium iodide stains red by penetrates the cells whose cell 
membrane was damaged. In one staining step, it is possible to obtain total desired 
bacterial and viable bacterial density. Thus green fluorescence implies live bacteria, red 
fluorescence – dead bacteria and yellow fluorescence – mixed live and dead bacteria with 
more dead bacteria. 
[59]
 
 In AGAR-WELL DIFFUSION TEST AND AGAR PLATE DILUTION TEST 
All the test solutions showed significant zone of inhibition in the agar well 
diffusion test. 5% NaOCl (Group I) and Propolis (Group II) showed similar zone of 
inhibition (28mm) followed by Liquorice (Group III- 27mm) and German chamomile 
(Group IV-25mm). There are only limited studies showing antimicrobial activity of 
German chamomile against E. faecalis and the results are inconsistent. In a study 
conducted by Hena Rahman et al, it was shown that Matricaria chamomilla did not have 
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antimicrobial activity against E. faecalis (0mm)
 [24]
. This is in contrast to our study, in 
which chamomile showed antimicrobial activity but it is significantly less. This 
difference may be attributed to the differences in methodology, strains and chemical 
constituents of German chamomile used in the above cited study. 
        Our results are consistent with the study done by Saeide Saeidi et al. In the above 
mentioned study, chamomile extract showed antibacterial activity against E. faecalis 
[73]
. 
       Sudha Madigatti et al 
[84]
 conducted a study to evaluate the antimicrobial activity of 
MTAD, Propolis, 2% NaOCl, EDTA against E. faecalis. The results showed that Propolis 
showed higher zone of inhibition (15.8mm) than 2% NaOCl (15.1mm) but the difference 
was insignificant. Similarly in our study, Propolis and 5% NaOCl showed almost similar 
zone of inhibition.  
Liquorice also showed significant zone of inhibition in this study which is 
consistent with study done by Badr et al and Turgay et al 
[1][88]
 
In this study, the minimum inhibitory concentration against E. faecalis for Propolis, 
Liquorice and German chamomile were found to be 16.6 mg/ml, 100 mg/ml and 100 
mg/ml. 
Determining the zone of inhibition and MIC are only preliminary test to detect the 
antimicrobial activity. The results obtained in the present study clearly indicates that the 
test materials are having significant antimicrobial activity against E. faecalis 
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MICROBIOLOGICAL CULTURE-COLONY FORMING UNITS 
The results of this study showed that colony forming units for 5% NaOCl were 
minimum when compared to Group II-Propolis, Group III-Liquorice and Group IV-
German chamomile.  
          Multiple comparisons between the groups revealed that Group I – 5% sodium 
hypochlorite and Group II – Propolis showed no statistically significant difference (p> 
0.05). This was consistent with the results obtained in the study done by Hind Al-
Qathami et al 
[25]
 who evaluated the antimicrobial efficacy of Propolis and 2.5% solution 
of sodium hypochlorite against E. faecalis and the study revealed that Propolis was as 
equally effective as sodium hypochlorite and he concluded that when only the 
antimicrobial property of irrigant is required, Propolis can be used as a possible 
alternative to sodium hypochlorite. 
         Compounds present in Propolis extract are aliphatic acid ester, aldehyde, cinnamic 
acid and its ester, carboxylic acid, terpene alcohol, ketone, phenolic resin and 
hydrocarbon with each having an unique antibacterial effect
 [39]
. Thus the antibacterial 
property of Propolis is enhanced by these chemical constituents and it is clear that 
Propolis on its own also has antibacterial action against various pathogenic strains. 
         Mechanisms of action of Propolis on bacterial growth have been attributed to its 
effects on the bacterial cell membranes, cytoplasm and cell walls collapse; cell division 
inhibition; protein synthesis inhibition; bacteriolysis 
[86]
. Substances which are 
responsible for enzymatic inhibition in bacteria are caffeic acid and Galagin.  
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Kujumgiev et al. 
[40]
 reported that antiviral, antifungal and antibacterial effects of 
Propolis may be due to esters of phenolic acids and flavonoids. Propolis having increased 
flavonoid showed increased antimicrobial activity.  However, Sodium hypochlorite’s 
antimicrobial activity is because of free chlorine ions which in turn inactivates nucleic 
acids and sulfhydryl enzymes and also causes protein denaturation in the micro-
organisms 
[67]
. 
           Asha Nara et al 
[6]
 conducted a study to evaluate the antimicrobial efficacy of 
Propolis against E. faecalis and the study concluded that 3% NaOCl showed turbitidy in 
nearly half of the specimens and turbitidy was seen in all the Propolis treated specimens 
which infers that Propolis is less efficient than 3% NaOCl. The result obtained in this 
study is not consistent with our results. This variation may be due to difference in 
microbial culturing methodology or chemical composition of Propolis and flavonoid 
content in the Propolis. It is clear from literature that chemical constituents of Propolis 
vary according to the geographical location.
 [90]
 
 
           Colony forming units for Liquorice was less than Propolis and Sodium 
hypochlorite but the difference was insignificant when compared with Propolis. There are 
only limited studies are available for evaluating the antibacterial activity of Liquorice 
against E.faecalis. The antimicrobial activity of Liquorice against E.faecalis may be due 
to Glycyrrhizin 
[7]
. The mode of antibacterial action for saponins seems to be attributed to 
membranolytic properties rather than just simply shifting the extracellular medium 
surface tension and thus it is influenced by the population density of microbes 
[37]
. 
Flavonoid content present in Liquorice inhibits the bacterial cells oxygen consumption. 
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The site of inhibitory action of the flavonoid is said to be between Co Q and cytochrome 
C in the respiratory electron transport of bacteria. 
[22]
 
           German chamomile showed increased colony forming units when compared to 
NaOCl, Propolis and Liquorice which infers that chamomile has significantly less 
antibacterial activity when compared to others. In the literature, there was no clear data 
regarding the colony forming units of E.faecalis for chamomile. 
ACCORDING TO CONFOCAL LASER SCANNING MICROSCOPE 
The number of viable bacteria in the dentinal tubules was minimum for Group I (Sodium 
hypochlorite) when compared to Group II (Propolis), Group III (Liquorice) and Group IV 
(German chamomile). On multiple comparisons, Group I (Sodium hypochlorite) showed 
better results than Group II (Propolis) but the difference was insignificant.  
               The number of dead bacteria in the dentinal tubules was maximum for Group I 
(Sodium hypochlorite) when compared to Group II (Propolis), Group III (Liquorice) and 
Group IV (German chamomile). On multiple comparisons, Group I (Sodium 
hypochlorite) showed better results than Group II (Propolis) but the difference was 
insignificant.  
Evaluation of antibacterial efficacy of Propolis, Liquorice and German chamomile 
using confocal laser scanning microscope has not been yet evaluated. 5% NaOCl showed 
decreased number of viable bacteria in this study which was consistent with the results 
obtained in the study done by Jingzhi Ma
[33]
. In the above quoted study, Qmix was used 
as an endodontic irrigant and the study revealed that by increasing NaOCl concentration, 
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the number of dead cells in dentin was increased and it was shown that 6% NaOCl and 
Qmix was equally effective.  
The antibacterial activity against E. faecalis falls in the following order 
Group I ≥ Group II > Group III > Group IV  
  The antibacterial activity against E. faecalis was almost similar for Propolis and 
5% sodium hypochlorite. The antibacterial activity of Propolis may be due to the 
flavanoid content present in them.
 [40]
 
 The lesser antibacterial  activity of Liquorice when compared to 5% sodium 
hypochlorite and Propolis could be due to the concentration of the solution used in this 
study which is 2 gm/ml of Liquorice. The antibacterial activity was directly proportional 
to the concentration of the test solutions.  Increasing the concentration of Liquorice and 
volume of irrigant might have a positive influence on its antibacterial activity. The effect 
of using large volumes of irrigants on physical properties of the radicular dentin need to 
be further evaluated. 
  German chamomile showed limited antibacterial action and this may be due to the 
phytochemical constituents present in them, which does not possess enough potential to 
completely kill all the bacteria. Hence it showed increased number of viable bacteria and 
colony forming units.  
          The results obtained indicate that the antibacterial effects of herbal solutions are 
not similar and the difference is attributed to the variation in phytochemical constituents.  
The major advantages of herbal materials are increased shelf life, cost-
effectiveness, low toxicity, easy availability and absence of microbial resistance reported 
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so far. Propolis constitutes vast number of biologically active compounds, each possess 
unique antibacterial activity. If anti-bacterial activity was the only requirement, Propolis 
is as effective as sodium hypochlorite but sodium hypochlorite possesses other properties 
like pulp and necrotic tissue debridement, that Propolis is not yet known to possess. 
Considering the limitations like smaller number of sample size and it is an in vitro study, 
future clinical trials using Propolis as endodontic irrigant have to be analyzed.  
 
 
 
 
 
Discuss ion 
  
 
 
 
 
 
 
  
Summary 
 57 
 
 
SUMMARY 
 
The purpose of this study was to compare the antimicrobial efficacy of various 
endodontic irrigants on Enterococcus faecalis during endodontic treatment. The irrigants 
used were 5% Sodium hypochlorite, Propolis, Liquorice and German chamomile. The 
antimicrobial efficacy was evaluated by agar well diffusion test, agar plate dilution test, 
microbial culture and viability of bacteria using CLSM. 
         Agar- well diffusion test was done to confirm the antibacterial activity of herbal 
irrigants against Enterococcus Faecalis. 20 mL of Muller-Hinton agar were inoculated 
with 0.1 mL of the microbial suspensions and poured in the Petri plates. Wells were 
punched in each agar plate using a sterile stainless steel borer (five wells/plates). Each 
well was filled with 30 µl of the test materials (Propolis, Liquorice, German chamomile, 
5% NaOCl and ciprofloxacin) respectively and the plates were incubated at 37°C for 
overnight. After incubation period, zones of inhibition was recorded in mm.  
       Agar plate dilution test was used to determine the Minimum Inhibitory Concentration 
(MIC) of the herbal solutions. Different concentrations of the experimental solutions 
were mixed with the Muller-Hinton agar and poured in the Petri plates.  The plates were 
then inoculated with Enterococcus Faecalis and incubated at 37°C for overnight. After 
incubation, the Minimum Inhibitory Concentration (MIC) of the test materials was 
interpreted.  
           Sixty five freshly extracted single rooted maxillary central incisors were cleaned 
and sectioned at CEJ. Pulp tissue removed, autoclaved and apical foramen was sealed 
with auto polymerizing acrylic resin. 
Summary 
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           Root canals were filled with E. faecalis and incubated for 48 hours at 37°C. The 
teeth were divided into four groups, sixteen specimens each.  
 
The groups were  
GROUP I – 5% SODIUM HYPOCHLORITE  
GROUP II – PROPOLIS  
GROUP III – LIQUORICE  
GROUP IV – GERMAN CHAMOMILE  
N=1 from each group (POSITIVE CONTROL) 
The root canals were instrumented by crown down technique using Protaper NiTi 
rotary files and the canals were enlarged to F3 size. While doing instrumentation, the 
canals were irrigated with 2ml of each solution in respective groups for 1ml/minute and 
final rinse of 3ml of each solution for 5minutes.     The dentin debris was collected using 
no. 30 size H file and they were transferred to Aliquot tubes containing 3ml of 
physiological saline and 1:10 serial dilutions were obtained and streaked on Mac Conkey 
agar. The incubation of inoculated plates was done at 37°C for 48 hours under aerobic 
conditions and colony forming units were counted. 
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To evaluate the viability of bacteria, 1mm transverse sections of the roots were made at 
the apical third and stained with Baclight stain (SYTO 9 and PI). The sections were 
washed, dried and examined by CLSM with krypton/Argon laser. 
Amira 5.0 software was used to analyze the fluorescent images and LSM Image 
Browser was used to view the image stacks. The image stacks were viewed as red (dead 
bacteria), live (green bacteria) and yellow (mixed live and dead bacteria, predominantly 
dead bacteria) fluorescence. 
   All the values obtained were analyzed statistically and it reveals antimicrobial activity 
in the following order  
           Group I (5%NaOCl) ≥ Group II (Propolis) > Group III (Liquorice) > Group 
IV (German chamomile) 
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CONCLUSION 
From the results of this study, the following conclusions can be arrived: 
 
 5% Sodium hypochlorite is the most effective antimicrobial agent as an 
endodontic irrigant but there was no statistically significant difference in the 
antimicrobial activity between 5% Sodium hypochlorite and Propolis. 
 The antimicrobial activity of Liquorice and German chamomile was 
significantly less when compared to 5% Sodium hypochlorite and Propolis. 
 Long term clinical trials were required to further evaluate the properties of 
Propolis like biocompatibility and smear layer removal before Propolis can 
conclusively be recommended as an intracanal irrigating solution, but in vitro 
antimicrobial effectiveness of Propolis appears promising. 
Conclus ion 
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